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Numerical  simulations  of  flows  over  a  two-dimensional  (2D)  and  a  three-dimensional  (3D)
rectangular cavity are reported. The aim is to study the near field unsteady flow and its noise
radiation. For this purpose, the Reynolds Averaged Navier-Stokes equations were solved with a
4th-order optimized pre-factored compact finite difference scheme for spatial derivatives and a 4-
6 alternating stage low-dissipation, low-dispersion Runge-Kutta scheme for time integration. The
length to depth ratio of the cavity is 2 and the length to width ratio is 1. The simulations were
performed at a Mach number of 0.4 and a Reynolds number of 60,000 based on the depth of
cavity. To compute the turbulent flow field, the Spalart-Allmaras one-equation turbulence model
was employed with Detached Eddy Simulation (DES). The Ffowcs Williams-Hawkings equation
was solved to estimate the far field acoustic radiation. In both cases, the flow oscillations were
found to follow the Rossiter flow model. In the 2D case, an upstream dominance of the acoustic
radiation was observed. In contrast, the 3D computation showed strong sound radiations in the
upstream direction and vertically above the cavity. The lateral radiation was found to be weaker.
1. INTRODUCTION1
There is a great interest in cavity flow research
due to the wide range of  applications in which
cavity  geometries  are  present  and  unavoidable.
These  include  automobile  door  cavities  in  the
civil sector and weapons bay cavities in military
applications1.
Under certain conditions, the flow over a cavity
is  characterized by the unsteady behaviour of the
shear  layer  and  is  generally  in  a  state  of  self-
sustained oscillation. The formation of the shear
layer over the cavity, the instability of the shear
layer and its interaction with the fluid inside and
solid  walls  encompassing  the  geometry  is  of
prime  importance  as  it  drives  the  noise
production.  In  compressible  flows,  cavity
resonance arises from a feedback loop involving
(i) the shear layer instability and its amplification
(fluid-dynamic regime) leading to the formation
of  discrete  vortical  structures  (ii)  the
impingement  of  the  vortices  on  the  aft  cavity
edge  thus  producing  acoustic  waves.  The
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upstream  propagation  of  the  acoustic  waves
excites the shear layer at the cavity leading edge
(receptivity) thus causing vortices to be shed at
regular intervals.  . The overall effect is a strong
resonant  coupling  between  acoustics  and  the
shear layer2. 
To emphasize the main flow features, cavity flow
oscillations are often treated as two-dimensional.
However, the existence of span-wise variations of
the shear layer as well as the re-circulating flow
within  has  been  well  reported  in  past
experimental  works  of  Maull  and  East3 and
recently in Direct  Numerical Simulation (DNS)
and  LES  applied  to  cavity  flows4,5,6.  Such
phenomena  can  have  significant  effects  on  the
noise  radiation  mechanism  from  such
configurations. This provides an impetus for the
present study.
In section 2,  the geometry and flow conditions
are described. Section 3 describes the numerical
approach  while  the  remainder  of  the  paper
concentrates on a discussion of the results.
2. GEOMETRY AND FLOW CONDITIONS
The geometry investigated in this study is that of
a  rectangular  cavity  in  both  2D  and  3D
configurations. Both geometries are described by
the length-to-depth (L/D=2) and length-to-width
(L/W=1)  ratios.  The  L/W ratio  was selected  to
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